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Abstract 

Synthetic drugs that commonly used for healing tuberculosis disease 
are: isoniazid, rifampicin, ethambutol and pyrazinamide. Healing 
tuberculosis disease takes a very long time usually from 6 until 9 
months. Besides that, patients also need to pay a lot of money for the 
treatments. Moreover, tuberculosis can lead to death if the patients     
did not aware of the disease. Therefore, the spreading of tuberculosis 
disease needs to be controlled. Nowadays, many people tend to have 
natural medicine (herbal medicine) because it is believed that taking 
additional herbal medicine can decrease the recovery time and also can 
increase immune system of the body. In this paper, we present the 
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effect of combining herbal and synthetic medicines in the SIR model  
of tuberculosis disease. The idea is to add an additional parameter 
corresponding to the herbal medicine onto the underlying SIR 
(susceptible, infected, recovered) model for the tuberculosis disease. 
After the model has been constructed, we analyze the model 
analytically by defining the compartments of the model, the system of 
differential equations of the model, some assumption to the model. 
After the model has been defined completely, we search for fixed 
points, eigenvalues and eigenvector for the model. Finally, we analyze 
the fixed points with respect to Routh-Hurwitz criterion, then we 
compute the basic reproduction number to give us the information 
about the spreading level of tuberculosis disease. The output of this 
research is an SIR model of tuberculosis spreading disease with 
additional parameter, namely, herbal medicine. We hope this model 
can be used to predict and also to control the tuberculosis disease in 
the society. Furthermore, we can prevent tuberculosis as an endemic 
disease in the future. 

1. Introduction 

Curing tuberculosis disease takes a very long time and a lot of money. 
Synthetic drugs commonly used for healing tuberculosis are: isoniazid, 
rifampicin, ethambutol and pyrazinamide. Some people use alternative 
medicine used as a supporting medicine in healing tuberculosis. They use 
herbal medicine to increase the stamina of the body and to maintain the 
healthiness. Moreover, since the herbal medicine is more ‘natural’, many 
people use it simultaneously with the synthetic medicine. This research          
is focusing on understanding the use of the herbal medicine in affecting 
tuberculosis treatment. The idea is to add a herbal parameter to the SIR 
model (susceptible, infected, recovered). After the model is fixed, we analyze 
the model and try to use the model to predict and control the spreading of the 
disease by changing the parameters. Using this result, we hope it can be used 
as a control management so we can prevent tuberculosis from being endemic 
disease in the future. This research is a follow up research from [3], referring 
to SIR model in [5]. 
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2. Tuberculosis Spreading Model with Herbal Medicine 

The population in the tuberculosis spreading model is divided into three 
parts, i.e., groups of susceptible individuals ( )( )ts  based on assumption stated 

in [1], with concerning the condition in Indonesia, groups of individuals who 
are infected with TB disease ( )( )tI  and group of individuals which have been 

recovered ( )( ).tR  The data in this model acquired from a hospital in Bogor 

regency, West Java, Indonesia. 

The compartment model of the spreading of tuberculosis is as follows: 

Referring to Figure 1, groups of susceptible individuals ( )( )ts  will 

increase steadily based on π (the birth) and decrease because the death (μ) 
uses of herbal medicine and direct contact with an infected individual group 
β. Groups of individuals who are infected with TB disease ( )( )tI  will 

increase with rate β, but will also decreased due to natural mortality with               
rate μ, mortality due to TB with rate ( )tμ  and recovery with the rate γ. 

Group of individuals who are recovered ( )( )tR  will decrease because of 

natural mortality and will increase with rate γ. 

 
Figure 1. Compartment model of TB disease spreading with herbal 
parameter. 

Based on the assumptions and the compartments of the model, the 
mathematical model was obtained in the form of differential equations as 
follows: 
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,hSSSN
Ibdt

dS −μ−−π=  

( ) ,IhcSN
Ibdt

dI
t ++μ+μ−=  

RcIdt
dR μ−=  (1) 

with .RISN ++=  

3. Analysis of Tuberculosis Disease Spreading Model 
with Herbal Parameter 

The fixed point of equations (1) was obtained when individual groups 

growth reached zero or ,0=dt
dS  ,0=dt

dI  .0=dt
dR  The fixed points are 

obtained through the following phases: 

(1) If ,0=dt
dI  then we obtain .00 =∗I  Substituting this value to ,0=dt

dR  

we obtain .00 =∗R  Substituting both values to ,0=dt
dS  we get .0 μ+

π=∗
hS  

Hence, the first fixed point is ( ) .0,0,,, 0001 ⎟
⎠
⎞⎜

⎝
⎛

μ+
π=∗∗∗

hRIST  

(2) The second fixed point is obtained when 0=dt
dS  and .0=dt

dI  With 

the same method as before, we obtained the second fixed point as follows: 

( ) ,,,,, 1112 ⎟
⎠
⎞⎜

⎝
⎛ ππμπ=∗∗∗

UQ
Zc

UQQ
PRIST  where ,cP +μ=  ,μ+= bchQ  =Z  

thcb μ−μ−−−  and .thcU μ+μ++=  

The rate of disease spreading can be expressed using basic reproduction 
ratio ( ).0R  It is obtained by differentiating the growth rate of the infected 

population with respect to I. Hence, .0
thc

bR
μ+μ++

=  
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Now, we analyze the stability of the fixed point using Routh-Hurwitz 
criterion [6] in the disease free situation ( ).10 <R  

(1) Stability of first fixed point 

First, we compute 1a  and ,2a  where 

( ) ( ) ,32321 3211 bhcmmmMTra −μ++=++−==  

( ) ( ),22
2 thcbhha μ+μ+++−μ++μ+μ=  

( ) ( ).2
3 thcbha μ+μ+++−μ+μ=  

The fixed point is stable if ,01 >a  03 >a  and .0321 >− aaa  The 

condition is satisfied if ( ) .0>μ+μ+++− thcb  Hence, we conclude that 

the first fixed point is stable under the condition 10 <R  (disease free 

equilibrium). 

(2) Stability of second fixed point 

With the same method for analyzing the first fixed point, we have 
,01 >a  03 <a  and .0321 >− aaa  If ,0<Z  then thcbZ μ−μ−−−=  

and if ,0>U  then .thcU μ+μ++=  This fact contradicts the Routh-

Hurwitz criterion, hence we can say that the second fixed point 

( ) ⎟
⎠
⎞⎜

⎝
⎛ ππμπ=∗∗∗

UQ
Zc

UQQ
PRIST ,,,, 1112  

is unstable under the condition .10 <R  

The spread of tuberculosis disease in Bogor regency, West Java, 
Indonesia with ,8.4=π  ,005.0=b  ,001.0=h  009.0=μ  and =μt  

00000001.0  was obtained as follows: 



Embay Rohaeti, Sri Wardatun and Ani Andriyati 774 

 

Figure 2. Spreading of tuberculosis in Bogor region with respect to herbal 
medicine. 

Figure 2 shows that the population of patients with tuberculosis in 
Bogor, West Java changed over time. In the first 5000 days, tuberculosis-
infected population has decreased, hence the population of susceptible and 
recovered people has increased. This means that the spreading of tuberculosis 
can be controlled (within this period). But, we can see that the condition has 
changed afterwards. This situation shows that the herbal medicine acts as a 
supporting medicine for the synthetic medicine, because the herbal medicine 
can increase the body immune system so that the synthetic medicine can 
work more effectively in curing tuberculosis disease. 

4. Conclusion 

Tuberculosis spreading model with herbal medicine has two fixed points. 
The first fixed point acts as a disease free fixed point, while the second fixed 
point is an endemic fixed point. We also have that the basic reproduction 

value is .0
thc

bR
μ+μ++

=  In the treatment of tuberculosis, herbal 

medicine can support the synthetic medicine so that the patient can heal more 
quickly. Since, in practice, herbal medicine can increase the immune system 
of our body. With this result, we can control the spreading of tuberculosis 
disease in the future. 
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